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\S 1 -- $L^{2}$ ( $L^{p}$ )






$Tf(x)= \mathrm{p}.\mathrm{v}.\int_{R^{n}}K(x-y)f(y)dy$ , $f\in S’(R^{n})$
, $K$ .
$|K(x)| \leq\frac{C}{|x|^{n}}$ , (i)
$| \nabla K(x)|\leq\frac{C}{|x|^{n+1}}$ , (ii)
$\int_{\epsilon<|x|<N}K(x)dx=0$ , $0<\forall\epsilon<\forall N<\infty$ .
(Hilbert )
$Hf(x)=\mathrm{p}.\mathrm{v}$ . $\int_{R^{1}}\frac{1}{x-y}f(y)dy$ .
1(Calder\’on and Zygmund [5])
p(R $(1<p<\infty)$ .
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(i) $\sim(\mathrm{i}\mathrm{i}\mathrm{i})$ $\hat{K}\in L^{\infty}$ ( $| \int_{-\infty}^{\infty}e^{-ixy}/ydy|\leq C$ –




2 $T$ $K$ –
$Tf(x)= \mathrm{p},\mathrm{v}.\int_{R^{n}}K(x, y)f(y)dy$, $f\in S(R^{n})$
, .
$|K(x, y)| \leq\frac{C}{|x-y|^{n}}$ , $(\mathrm{i}’)$
$| \nabla_{x}K(x, y)|+|\nabla_{y}K(x, y)|\leq\frac{C}{|x-y|^{n+1}}$ , $(\mathrm{i}\mathrm{i}’)$





$3$ ( $\mathrm{C}\mathrm{a}\mathrm{l}\mathrm{d}\mathrm{e}\mathrm{r}\acute{\mathrm{o}}\mathrm{n}’ \mathrm{s}$ commutator)
$T_{A}f(x)= \mathrm{p}.\mathrm{v}.\int_{R^{1}}\frac{A(x)-A(y)}{(x-y)^{2}}f(y)dy$ , $A’\in L^{\infty}(R^{1})$ . (1)
$4$ ( $\mathrm{L}\mathrm{i}\mathrm{p}\mathrm{s}\mathrm{c}\mathrm{h}\mathrm{i}\mathrm{t}\mathrm{z}$ Cauchy )




$T$ $L^{2}(R^{n})$ . $(\mathrm{i}\mathrm{i}\mathrm{i}’)$
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Calder\’on-Zygmund .
1’ Calder\’on-Zygmund $L^{p}(R^{n})$ $(1<p<$
$\infty)$ .








( 1 $(*)$ )
.
.






$L^{2}$ ([18], p. 322),
([19], P. 8). David and Journ\’e
.
$2(\mathrm{S}\mathrm{t}.\mathrm{e}.\mathrm{i}‘ \mathrm{n}[22])$ $T$ Calder\’on-Zygmund ,
$||Tf||_{BMO}\leq C||f||_{L}\infty$ , $f\in L^{2}\cap L^{\infty}$ .
$T$ :L\infty \rightarrow L\infty .
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$BMO$ John and Nirenberg [13]
.
$6$ ( $BMO$ (bounded mean oscillation))
$Q$ $n$ , $|Q|$ Lebesgue . $f_{Q}= \frac{1}{|Q|}\int_{Q}f(x)dx$ .
$BMO(R^{n})= \{f\in L_{loc}^{1}(R^{n});||f||_{BMo=\sup_{Q}\frac{1}{|Q|}}\int_{Q}|f(x)-f_{Q}|dx<\infty\}$ .
$L^{\infty\subset}\neq^{BMO}$
’ $\log|x|\in BMO(R^{n})$ .
David and Journ\’e $‘ T1$ ’ .





$\int K(x, y)dy)$ [19], $\mathrm{P}$ . 49 [21],
.
$\mathrm{P}$ . 268 .
2 .
Caldero’n’s commutator $L^{2}$ .




2 Hilbert $L^{\infty}arrow BMO$ $T_{A}(1)\in BMO$ .
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1.3 $Tb$
Cauchy $L^{2}$ $‘ T1$ ’
.
$C_{A}(1)= \int\frac{1}{x-y+i(A(x)-A(y))}dy$
$BMO$ , Calder\’on’s commutator
( 1 ). ( )
$\int\frac{(1+iA’(y))}{x-y+i(A(x)-A(y))}dy=0$
.
$‘ Tb$ ’ .
$K(x, y)=(1+iA’(y))/(x-y+i(A(x)-A(y))$ $‘ T1$
’ , $(\mathrm{i}\mathrm{i}’)$ .




2(David, Journ\’e and Semmes[9]) $T$ $(\mathrm{i}’),(\mathrm{i}\mathrm{i}’),(\mathrm{i}\mathrm{v})$ .
accretive $b$
$Tb\in BMO(R^{n})$ $T$ $L^{2}(R^{n})$ .
.
2 Cauchy $C_{A}$ Al\in L\infty $L^{2}(R^{1})$ .
Cauchy $L^{2}$ perturbation
[4], [7], [20] , Murai [20] .
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1.4 n
Calder\’on’s commutator Cauchy $n$ .
$8$ ( $n$ dimensional Caldero’n’s commutator)
$T_{A}f(x)=. \mathrm{p}.\mathrm{v}.\int_{R^{n}}\frac{A(x)-A(y)}{|x-y|^{n+1}}f(y)dy$ , $\nabla A\in L^{\infty}(R^{n})$ . (3)
$9(\mathrm{t}\mathrm{h}\mathrm{e}$ double layer potential operator Cauchy integral operator for
hypersuface )
$C_{A}f(x)= \mathrm{p}.\mathrm{v}.\int_{R^{n}}\frac{A(x)-A(y)-\nabla A(y)\cdot(x-y)}{(|x-y|^{2}+(A(x)-A(y))^{2})^{(n+1)/2}}f(y)dy$
$\nabla A\in L^{\infty}(R^{n})$ . (4)
If roation method 1
([23] ).
3




10(Hardy $H^{p}$ ) $\varphi\in S,$ $\int_{R^{n}}\varphi(x)dx\neq 0$ $-$ $f\in S’$
$M_{\varphi}f$ .
$M_{\varphi}f(x)= \sup_{t>0}|f*\varphi_{t}(x)|$ , $\varphi_{\mathrm{t}}(x)=t^{-n}\varphi(x/t)$ .
$H^{p}(R^{n})=\{f\in S’;||f||_{H^{\mathrm{p}}}=||M_{\varphi}f||_{L^{\mathrm{p}}}<\infty\}$ .
$H^{p}$
$\varphi$ . $H^{p}=L^{p}(1<P<\infty)$ . $H^{p}\subset$
$S’(p<1)$ $H^{1}\subset L^{1}$ .
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3(Fefferman and Stein [11])
$H^{p}(R^{n})$ $(n/(n+1)<p\leq 1)$ .
, Hardy n/(n+
$1)<p\leq 1$ . \S 1.1 1(ii) $K$
p $0$ .
.
3’ Caldero’n-Zygmund $H^{p}(R^{n})arrow L^{p}(R^{n})$ $(n/(n+$
$1)<p\leq 1)$ .
$T:H^{\mathrm{p}}arrow H^{p}$ .
Alvarez and Milman [1], [2] Calder\’on-Zygmund ( $L^{2}$
) $H^{p}$ .





$T1= \int K(x, y)dy=0$
$K$ , Calder\’on’s com-
mutator – Calder\’on’s commutator
, ([16] ).
ll(local Hardy , Goldberg [12]) $m_{\varphi}f(x)= \sup_{0<t<1}|f*\varphi_{t}(x)|$
.
$h^{p}(R^{n})=\{f\in S’;||f||_{h^{\mathrm{p}}}=||m_{\varphi}f||_{L^{\mathrm{p}}}<\infty\}$.
$H^{\mathrm{p}}\subset h^{p}$ $H^{p}=h^{p}=L^{p}(1<p<\infty)$ .
local Hardy Goldberg
. Evans and M\"uller [10] .
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12( $\dot{\Lambda}_{\alpha}$ ) $0<\alpha<1$ .
$\dot{\Lambda}_{\alpha}(R^{n})=\{f;||f||_{\dot{\Lambda}_{\alpha}}=\sup_{x\neq y}\frac{|f(x)-f(y)|}{|x-y|^{\alpha}}<\infty\}$ .
4’ ([14]) $T$ (iv) Calder\’on-Zygmund .







4’ ([14]) $A’\in L^{\infty}(R^{1})\cap\dot{\Lambda}$ $(R^{1})$
$T_{A}$ : $H^{\mathrm{p}}(R^{1})arrow h^{p}(R^{1})$ $(1/(1+\alpha)\leq P\leq 1)$ .
$T_{A}(1)=H(A’)(x)$ , Hilbert $\dot{\Lambda}_{\alpha}$
$T_{A}(1)\in\dot{\Lambda}_{\alpha}$ .
Cauchy $Tb$ $H^{p}$ .
$5([17])$ $T$ (iv) Calder\’on-Zygmund .
accretive $b$ $b,$ $Tb\in\Lambda_{\alpha}(R^{n})$ $T$ : $H^{p}(R^{n})arrow h^{p}(R^{n})$
$(n/(n+\alpha)\leq P\leq 1)$ .
$\bm{5}([17])$ $A’\in L^{\infty}(R^{1})\cap \mathrm{L}\mathrm{i}\mathrm{p}_{\alpha}(R^{1})$ $C_{A}$ : $H^{p}(R^{1})arrow h^{p}(R^{1})$
$(1/(1+\alpha)\leq p\leq 1)$ .
$n$ Calder\’on’s commutator, the double layer potential operator
$H^{p}$ .
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